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(57) Abstract 

PURPOSE: To provide an electric discharge machining 
method by which control of a discharge machining 
interval based on machining energy can be carried out 
precisely. 

CONSTITUTION: When electric discharge is generated 
between a wire electrode 2 and a workpiece 1, a normal 
electric discharge, a short circuit condition, and a 
leakage condition are detected on Ihe basis of a bath 
voltage waveform by means of a normal electric discharge 
detecting circuit 20, a short-circuit detecting circuit 
21. and a leakage detecting circuit 22, and through a fd 
counter 39, a fs counter 21, and a fl counter 32, a 
normal discharge frequency fd, a short circuit frequency 
fs, and a leakage discharge frequency fl are found so as 
to be fed to a CPU 40 as data. In the CPU 40. machining 
energy is computed from the data and the predetermined 
machining efficiency, and on the basis of the machining 
energy, a position command is fed to a position servo 
control circuit 41. The position servo control circuit 
41 drives servomotors 5, 6 on the basis of the position 



command, and a relative position between the worl 
1 and the wire electrode 2 is optimized. 
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(57) [9S^] 

[ ] v w -vme 2 1 Sim* 1 1 <7)miznmw%, 

0R2 l&tfU-7«ffi®»2 2Tl*aiU fd^^y 
?30. f s/r^y^3 l&Xff 1 #'>>':?32£jlt 
TiES«C«Jl^f d. z/3-hmmif sRX/V—7 
WMMm&f 1 Sr:8«>. Zti$>&T—?b LTCPU4 
0£i*aj-t&. CPU40«ff£x— Ufc 
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(2) 



W&bWMJ3tob ZmSftWiZithZ b i>z£ *) Wjniife 

u 

mm&nttMvtmizm t x =f ^astojpx^* sr i&g 
iwaawxfiMWBftft b mvmiMmzm^ ^tjpxx 

firiE&PXx*;^ — izm^ ^x t aumM b Wwum t co 

fflttffif&fflflW - ** £ t -fSJfcmjPX^S;. 

t it * « 2 ] mibjpxx £ . mmm.cDi%m 
mwm. b. iznm-f & «nEjnxsws t aflftSHc 

[ fi*3S 3 ] JPX«I§ t SJPX^ b cDffl*f{2S £ fMffll 
Z b izffl LX . ffilEJPXx*/P=¥--tc<J: 

n&mzmm-th z t sr^t-r&if^Ji i snast* 

UpX^jS. 

[if*S4] jDX+<OlS«*aHii*«iai'rfti:ktKt» 
IE*R«jBcW^fc:WfflW-S Z b iZffl L , iMMMEftft 
*RJB, MlftilPXmSfcliriESfc&PX^fcW^^-C* 

hzb zvmb-? i is«^sc€Jpx*a. 
[|«^js5] MJL^otmim&tiiiii-rz t b h izm 

m&vuxzwto-t&mzmmmttiin&z&'feL. *co 
left? nfc jfcTO*ft«E<of f - * ks-?v mzDniM 
mbmzmaxm t <mnwm.w&*mm-th z t 

[fi^6] jDXmStSJPXfek^lBKOjPXiaPtfc 

mMbmnjLWbz&ffizmz-tt&zbizxiomuxVi} 
znx^hwmvTMW.izte^x . 

mm$k<?>i&mmmk t mzmx^m b \,z^s\ ^x jpi 
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X^<7)JpX«®tcjStT^^^ix-S>«r b Ztmb-f 

hmm. 6 tss^iscmipx^a. 

bi>iz. fflSMttfrb^fflt. iwfEJPXX*^-£3t 

b **mb •* hm ?m 6i»)2fe®ipx£s». 
[«*3i9 ] H?iesai-rs#s«, jpxx^p^-^ 

mnWCKNXMW.. 

[MM101 mftafi[S$iJt»¥S(±. BufeJPXx*/P 
- J; 0 SWfe $ n ffl*tSStc«! T KiiBJPXB® t 

mum\nMb<offltmh*mw'?z>z t ^wist-r^. 
it 6 leaoscmapxsia. 
tif^i i ] mmxifr&^ffli. MJimmbfflN 
i3®b<F>m<nimtfm.* . a«<7)jE«jiw*JB, huejp 
xttffi t iffiemiipx^ t f)ra#M*&-T& s ^ a - h « 

t -t s if *ji 6 ia«^Kmjpx^s . 
&vvx*m\frhmzw^te^£*w& ^-coie 
hzbzw&b^-z if*Ji 6 le^oiicttipxg 

a. 

[000 1] 

xmmzmv, mz&±if mumx-^ ya— ^-gpstx 
^ s j: o L^i5cmjpx^r&s.u r scmjpx^atcw-r 

[0002] 

[&*<7)i£fl5] SrtClDXCfeV^TIi. «SSi;l5fc!jPX^O 
fcra (JPX^) t&E^VU^. $r MP UT Z^ffiXm 
«Srffet$-^. 0f^<O3imB#ra (Ton) i:«Cih«fra 

(Toff) ^DKEt. «Jni»*jBXLTV^. -HK 
mBE^VUX^EpJPtTT&^attMS&^T'OBtraSr* 

tvM^, mmmi&fr^imteT&x'<nmffl£mnmffl 

(Ton) . M(MMT^^<X^>MB^>^(PMtX<r>^ 
HSr^ih^ra (To f f ) 

[0003] wM^mznm^ htz^zmMbwm: 

®>b0>ttitw%m t )mm&fflw (-9--^i*o ) -r^.^ 
whhtf, z^m^^m&nmbLxa. jpx 
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0 9 6 3 3*MM) &tfft*ffl»**lftUi U i<^WM 

mm.*. o*im^fB#rasrs:ai L^mn^mizm^ 

Xm'Oi&Mi^m-r^m (#fflf6-065732f 
4MB) i«SR$;h.TV*6. 
[0004] 

m&ZJS^Xffiftthli&fcii^Xte. MTM^z£r> 

x^Stti 5s a - hw&tmnffi&imtf&frxm^im 

[0005] fefi?tB#ra*^aiX(±»a5L, *co 
maw mmzm^ v *t o mm zpm-t s umzts v ^x 

X'b^tz. 

[0006] #S6<yWiJ2lbO <fc a =StfE**5lBIflU£fc:»& 
TS: § tifz t> <9"C . jDXx^;i/df-tc*o' < JpXfSJP&co 

t,z& ^X i>£%.LtzV—#M 0 inXtfnTtg&StttinX* 

[0007] 

kZttn&ftoZit&ZktzX >9»X^SrJnX-ri.Sc« 

jnxarsctjvvc , jm+^iwraaiitrtftart"* 1 1 1 
tsc t mmtiT-wmzmn ^x ipxx*/i^-£»£tj t . 

[0008] ff*JS2ia«4«0^«S, HMfEJDXX^.;^ 

<r>xh h . 

[0009] lfc*JS3iBtt<0»mti. jDXttgi:»DX 
ft b <0ffl*tftS £ $iJP-r 4 Z b lz m L X . huIEJdXx * 

7i/^f — t <t o aae § tt h ffltmm.zm. -> x m teanxms 

£^i:-t4i>?re£>4. 

[0010] ft*JS4!e®<0^{i, JnX+«OJSdt«!B 



Xft k OS #MS&T'£> 4 3 - h 4mXl2ii& LX V ^ 4 
'J -?#!BC9raW-4 i i: "T4 i><VX'$>& . 

[0011] lf^5ieKcO^HJ{i, J||X+*5lHfcKJB 

ztkitii-z b b Mzmnmintk&tfmizwsit-t&zb 
cwu mi33xw%n&jw**wi\rt-&mzi&mm 
*&we£k«u znimzixfzwmmm.Kn?-? 

[0012] aws«6gett<offt^tt» MxmmbmujL 
m b comer, mtrisBRfc: wsues ft^iim^&i/ticit 

■913 1 « -5 T IBXW tmffi^ * EH JD L T J!c« £ ^ 
$-*4i:kt^. Jnxm®i:1fc!JDXfti:5rffi^tb$-ti: 

4ittcJ; O^DXft^Jnx-r^ScmjDX^Stfev^ 

t . jpx^^scm^re^^iaj-r-i. fc b htzn&ots&tt. 
toGmtt&^&t . m\-?zm$kc7)ijmvimizmttz 

«^®tciSt^«^cojDx$&*£^-r-5.#©h. Buia 

/^-**aj"*-4#ak , aaiLfcjpxx^dr-^s 

M»*ai:*fllifcii:*W«i:i"*<><'5'C*4. 
[0013] m*Jl7iatt«0»D!ti. it*3l6IB«<7)^ 

ntnxtfmiz&tx'Bsg&Mzti&zb zftwib-tz, t 

[0014] ft^«8ie^^BH{i. i**^6iem^ 
t tj if h mw^Lwm i a^-r s *a* j . f^a« $ 

C H?ie»tiJ-f--i.¥a*^ fff2JDXX^;P^r-Sr»til-r 
4fcft«rSBEtt#R3&»6l5ElniXSW*K»K* C k Sr 

[0015] |»*«9lE«<0«BHtt, ft*^6iem^ 

hjk tj tt h m ta-t h ¥a* j , jdxx *iv*?- & mz 
imcr>t!immmsi bzcoz* izftm-t t> m sjdx^* b 

nffl&lzkVM&lr&zbZftWLb-r&hcoX'hh. 

[0016] aim i oRXpmmi* m^me ib^o 
jci o *s ^ ii -s. msw&iz^ x mwivaMm b mi e 

[0017] «^JS 1 1 Ktt*>#MIl4, ft«JS6f£©(0 

S b buEM JDXft i: tO^*<M*&-C'S> 4 is a - h «®&t^ 
m& LX v> 4 'J - 9 WmzWSftt h Z b Sr#© b -r 4 1> 

<7)X'fo&. 

[0018] mm 1 2§mcD&mz. mmm<)-?&^ 
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[00 19] 

[ffrB] *W%<T>imMX.-%mzt5^Xl l t, JPX«©k 
t blitz. JpxmSk&JpXifekfcffl*^ 

mz&xmiHim&iiux-t&izmLx. jnx+^ssc^ 

(JEim.m. v 3 -K J:. 

^<g<aw&jpxx*/i^-£3raju jjai$*ufe«nE 

SPXX */M!f — v ->T €H k MJuX^l k Offl*f{&S 
[0020] ClOio £¥*&*EXtt*Gfl«raHlfc: J: 0 

;p^f- t . las l*3&< £>@fgnjp££sswr £ i k 
[0021] mriBBnxx^yi^-tt. itnaasscw 

JScm^ifefSc k , -e * tc*f JEfrt 6 MI5 JPX#>^ k CDS 
[0022] iWfSflPXmffik JftflDX^k <7)ffi*tta«5-iSiJ 

[ o o 2 3 ] ttz. toJL^nimimztfiiii-t&bb h 

<7)IE?j?;8cm*t»S, KffEJDXSffitBUISfeJPX^iscJDra^ 
[ 0 0 2 4 ] S fcfc. Jm+OffcWJWfclMlrt - * k k 

[0025] *»^<0lWKiPli6!lt: Xtilf. Jpx*<t) 
JW«JB*«aj-r* k k &(cWR^9K*«QBIclUnf'« 
*S k . MM W 4 «R^K««JIWC« t fc«R*)»ttJa 

ttK k liTiajDX$&$ k tc*-^ v ">"C flpix £ 
•t&^WLb . *EU LTtiDXx^y^-tcS^^TJDXm 

[0026] .rcoii^c, Htrf2iiB^ra&t//x«i^± 

BfflBI£ . JPX^JPXtfffi^fS tT «T5HftJg*-& . 



tjnxx^/^-^^ai-rs . 

[0028] BMtesaj-r-&¥Sf4> JPXx*/P 

JPX3&^k OfpMC J: OgtU-TS . 
[0029]**:. ffiiB&afHtP^gtM:. JPXm@kl£ 

toxmb<7)mcotttt&wt:fflWi-&i,zmLx . bwbjpx 
[0030]$ (^izttz. mata9t&&&it* jdx* 
fffEflarax^twra^^T'fc 5vh- h^mRt^iija 

[003 1 ] ifc, mffei£S l J-r-l»¥a«i, JoX4>«oift« 

ten* lt , mi sraxw^flffi^ vux £ gijQ-f s ft t^ism 

[0032] iOia ^M6PX^giO#^gOl6^tc 
i 0 , &m«t®ti 0 flPXX*;l^-£i§5£U S^t 

-^iH OtCiS SfcmjPXSrff a *^O^c«JPl 

[0033] 

[ 0 0 3 4 ] m 1 {i*^£7)JfcmJPX^SO-^]|fe^Ji: 

[0035] Hi liZTK-rvj ^Wsaumzis^X . w. 
«s l b v-i ^r«fii2 k cr>m*<zMTmfM$&ix& . v 

-vmei 2 h 3 , 3 Htcsns^i-u jpxrapt 

8 . ffifitH 9 , 4 Srilt-T W^mffi^ ^ 

6PJP?^I>. 

[0036] HI t*-riE«llWfl«iJiaB2 0 . >■ a - 
h^ailH]gS2 lSl/y-^^aiIl]lfS2 2«±. «SI2i:ffi 
JPX^ 1 i:OStcSffi''^X$:epjptfck #OHra«JE 

k » (*jE%8tttt£lBl» 2 0 jESfiW^P 
x^'tti^^ix, St«^'fifi5ix-^>'3-Mt^k^(i:x 
3 - b SsaJUlSS 2 1 A> <o 3 - h ^^X^tti* ? tit , 

£tz. U-^^a3IU8l2 2*^(i. mfflconKtfitmt) 

&^b% fkntf%£. Ltz b # 'J - ^K^^^5r ffi* $ 
[0037] Hl^t-f d*^^30. fs^> 



b 
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immmmk-t d. is a -bm%8sn s&w-rtitx 

PU4 OtfWiOZ.bcnX'%h f df-^« fsf-M 
tff 1 f-^CtiSL. CPU4 0i£iMrr6«l:5fc:$r 

[00383ft. _hfaS®S0IJT'{i. f d#->y? 3 0 , 

f S ^>)y^3i, f i^^y^3 2tcJ:^TjES»c« 
f l 3 teLTHitf, Ztiizmt>-r. tztL 

Iff d*^y^3 0, f sA<)^31, f 

3 2(i#*IES$cm>'W'X. a- h^VUXS.l/U 

tt^/'ty^^tHR/SttSrtfW CPU4 OlzX-oX. Z 

cpu 4 ot^mmmm^^yy) yrmmizm^ 

[00393 HUlfiC PU40I1 ^gC<50C P U&tf|Bte 

^&bvx<nx^mfrt>%h%mw8iiix°h'>x. 

-t&XolZi df-?. fsf-^. f I f-^SW 

^s^soe^-^ifflH3S84 iiztnij-ti>. &wy- 

#fflW®&t4 1 OfiJTjii^-^ 5 , 6 tcsa^iu 
95, 6\tmxaM\ CJU4WE2) fc«HSWfc:««3 
a. «lDXftli:«B20ffl»tiKfSr«iJ»LTV^4. * 
fc, m&t^ytcfci. ji«B#^Ton^ih^raTo f 

[00403 'Vl>XW%£®m4 2{i„ MISSIS 

zwrnxfuZTJ yi/- i^a yryri ottti 

ZWOVxHli, m3lZ7fct£ol,z. mmmttfi^-frh 
jimKrHTo nfift^-f >y ^^H^ 8 * 
<?)f&. •yf->^*^8£{*ihB#fSJTo f fCO^y 
To f f JgS&Htf*^ •y^->'^* : f-8$:^->' 

[004 1 3 02J4. ffifdlMfcmi$ , £08&2O. >-a 
-h^ai0SS2 lSt/'J-^^ai0SS2 2<7)ffJft£^-f 

■fv-vtmxhh. 02ic^-rj:o^, jEsmrn^ajE 

1, R2T'^ELT^t^ll*)li@ll6 1 fc . #BE£ii 
fcSBI«JEE*Bf^<?5aBIMKEV d <«r£Kje»r*g) £Jt 

mhxwmsy dvxtiztc&t^-i (ttaHigh) 

6 2cotH^^LXlE i BWL^VUXt fd/j^y9 3 
0 tab^-t'S.^lHlSS6 3 t*^1f^$ixT^S„ 
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{44 yt-^y^zco^fs-f yt-yyx, 6 5f44>- 
[00433 — >-3-h^ai[fllSS2 Hi. ay*U 

-^71. 7'J 777D77 (R-SFF) 7 2. 

- b 7 3St/-f y^- ^ 7 4 i^ir 0 . .IftfeiiE 

[00443 ifc. 7!J77707772^R CJ-fev 
h ) Sg^&lf y- bl3<F>l mAjli%FFli&*;WX 
n%£M$&4 2 tW:mZitX^&. WXM3b&E\to4 
2 14 . mi. if flHBfc:WBE> Vkx 5: EPJn-T & i£ hu (c 7 U y 

r7D777 2 &tff£i£-t 6 y - ^tfianuB 2 2 <r>y y 

777n 7 7(R-SFF) 8 2^'J-fe-y hfi-f-S-tliTl 

-f*. $^£;\Vl^'Jf&£[II8&4 2J4. ttflKJE/t/t'.x 
yh'y-h73^3-hfi7^w (;vf «-*!■) 

[00453 meawcu— ^7 m, lE^scm^aiiH] 
vs («rsERj£»nB) tzuMLx. msmm$s6 \<n 

•f-Sr-f yA'-^74Stf7 'J 7770777 2«0-fe y h 
Sg^ffi^-r-SidK^oTV^. ^fy^-^7 411 
3ynV-^7 l*^coa-fi-^2rRlKLT^-<l;-f-S: 
ryKy-h7 3^ai73-r-g>. ^<7)i:#. 3>-ytU-^ 
7 1 £ O O — tC «t 0 7 'J y 7" 7 O >y 7* 7 2 <0-fe y 
hSg-f-tiO— fc-fe-y h$n^<7)T. 7'J -y7°70-y7 - 7 

2<r)mmFf-frh>^ m^ry vy- h7 3£Mt> 

#) #£B73$;fxS<OT\ Tyh-y-h7 3«C:ix^O|i 
fKiOva-MjOStflSL, 7yh'y-b7 3^i 

[00463 $ hlZ^ fiil^^E^NVPXCOErijD* 1 ^^^^ 

wk—fex i> SKjiSiss 6 1 ^ai7j«ff*^ a-bmm 

MELV s £ r )mi<?j:-?tzb% : 3 ys^V — 9 7 lti^Wfi 

fi^yA'-^74, 7!J777D777 2<0-b7hS 

?Rmm-t&WLft®$&8 i ^ajTj-r^.. cmicj; y . 

y 0 7 77D777 2t7 h^^(^^^^C-^r y h$ixl> 
Of. 7'J 777D 7 77 2c0ffiffi^*^o-m#* i 
7yKy-h7 3tCjli^>ix, rvh*y-h7 3tiSt 

C£7)^. T>-Hy-h7 3frl>f s,ft^y93 1 
^\c7)yNVUXCOttl73«S«±$iX'2). g-ri.t^3-h«l{±J 

0812 Hi. isa-hmtiifj j±t stmmztmtfft 

[00473 ttz. y-^^aiH]S&22{4. M^I38&8 
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z.tiM£®2£7&i-£ o izmwaztix^z. Witt® 

K8 1(2» ^3-h&aj08&2 7 1*> 

idfttt#f8&u — *Tt>iiiwMS»6 i oai^msa* 

- hJiW^rfeW^XSrT y V-y- h83 £tfi7J-f 

[0 048] V-?miii®$&2 2<7)yV 7 77n 7 78 
2«\ iE^fi!cm^tiilllS§2 0O3yMV-^6 2<7)ai^ 
#83' W # -fe -y h 3*t. aE^m^SrlEIS-r 

xtfiizf \j]*7v-?3 2'^&h~$-h. w. v-?im 

[ 0 0 4 9 3 111 t,z^TSmi}nT.mSiZm^K:& 

[ o o 5 o i 2 1 sani* i fc c?>ffli,zmmtf5t±-f 

T*&IE*l«**ttHU l!t»^itfflTon 
-5. . W&ttitBSHT off ISA?* fcSSh^yy'x 
[005 1] t Z hifi. 133 ( B ) HZ^-tX o iz. flnX 

wffistzt^svuxtfmuztixfrbi' 3 - h^m ? -i 

A. T s $m L X i> flSBWffij&W^O^Utt L&^t 

tfEPflOSfU 3 — bWcOilH^fraT o n s S.t/"^itB# 
fgJTo f f sl,Z£^Xh7>iSX?8tffflWZtli'3- 
MgSStfWt-S. Ton sSOTo f f sCDmit. JDX 

&mzm tTffiSKis^s^T c p u 4 o rttc^Eit 

[0052] 4 fc . ^3-b t'{±=5rv ^»TO»6*»Bf3e 
?:|W®£I23 (C) izm-f. *$mmX'lZ, WtXBMhtf 

strsi/cv****. z t>izmwL<7)imizmiLx t> x 

U CPU4 0#*<0-r— *£SS*&£J:3£L"tfcJ: 



[0053] f d^^>-^3 0*^(iiE^i!tflJS 

&8tfd#, 4£f sJ]*7V9 3 1 3- hJUig 

afsfr'. $£>tcf 1 1]*7V?3 2frhl±V—7WMM 
jSScf l*>'#^-r-^i;LTCPU4 0tC3liai§n.|.. 

[0054] HRtc. ±ie<o#j&m^vuxoiDXx*;u 
-^S^^uxo l /WJ*3fc 0 oJdix*/^— (in 

fgJ^TtO^flDXx^Mr-PdJi. Pd=f dxKdf 
f sxKs + f 1 XK \ \,Z&*)&tz\tWX'Zh. 
[0055] WMTM 1 OWMZ L (—56) . JOXffiS 
ZFdt-fht. Fd = Pd/Lt^-rCt* i T'#-&. 
fi&o-C. tftinXftli:«S2fc<0ffi«»ttiaU«&fr» BP 

JOjS«*B^Fp&. Fp = Fdt^l.J:^:CP 

U4 o**ti»9--#99«[a»4 1 iznm^^- £&JT? 

[0056] 4 fe. IttXJfe 1 cO«/¥*>*-^-C'{±^:^i; 
#(4. ^SdiDXft 1 cottK^lMXZktmiz X Oig^S 
ix-I.S®iDlx^^-PoS:^tf) s Po=Pdi:^r^J: 
3CCPU40 tf@My-#fflffl\S\8&4 1 Cffi»g^-Sr 

titfj-ttiM ft. #mmX'iiWMTM 1 <r>m tfi 
—izx-fohh-fh. 

10057] CPU40I1 f d*^y^30, fs* 
*?V93\mft \A^y-?3 2-h^^fl^tliEMWiM 

1 S:K»a* (H4, Xf--y7°S 1 ) ^^E'J* 1 
^>L. Kd, KsXOT 1 Sr^jX^- (Xf 7 7"S 
2). Pd = fdXKd+fsxKs + flxKl C7)?H 
SSrfloTJtS^JDXX^df'-PdSratilt (Xf7 
7S3) s Fd = Pd/L<7)^fcS-^V^T*i^SPX3$ 
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